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Tbs  rate  cf  jfecarbcrylatdc©  of  nasitaldoliydss  vsaa  datennined  by  a 
gaaanotrlc  method  is  70  to  102.955  sulfuric  add  at  100°.  The  kinetics 
in  70  to  96£  eulfurio  acid  is  fairly  consistent  with  tho  tmta-contrcDlirg 
step  being  a udmcloculor  resrranrw-cnt  of  the  conjugate  add;  but  the 
decline  In  rate  in  96  to  10006  sulfuric  add  and  the  effect  of  added 
salts  is  oocplaiaabie  only  in  tssm  of  reactions  of  higher  isolacularity 
invulriag  ass  or  saro  solvent  sp soles.  The  possibility  ef  other 
&cid-c»tsly^d  reactions  uhich  appear  to  be  udndacular  in  the  sics 
atop  actually  tain#  polymolecular  la  discussed.  The  ccoparativs  rates 
of  do 'V5.rhc3cyiLdt.ior;  under  ccmparatSs  conditions  of  raasitddehyda,  2,a>6» 
triethylbeasolikiyds*  and  2,4,6^fli8cpg^l!wB«al<Wyde  are  ltii.l«17.?. 
Ctad  car  mope  staric  factors  axe  apparently  being  exerted. 


Isfcrofeoticn 


Certain  aromatic  aidefrvdes,  particularly  thoao  with  ortho  or  para  fcydrcoyi, 

aethoxyl,  cr  raathyl  groups,  shewn  by  Bietrsycid  and  ccwertero  to  give  varying 

1 

yields  of  carbon  monoxide  when  treated  with  hot  ccsnc  antra  tod  sulfuric  acid.  The 

(1)  A.  Bietraycki  and  M.  Fellnam,  Ber. , hb  772  (1910)}  A.  Bd -trgycrl  aM  L. 
fiynckl,  Chen.  Ztg.,  ,36,  XQ3  (1912). 

organic  products  ef  the  reaction  wars  act  characterised  or  identified.  Thera  are 

also  nuateroas  instances  in  wld  sh  an  arena  tic  fcracl  group  is  I-??  placed  by  an  electro* 

phiDic  reagent  o;Lar  than  hydros  to  yield  carbon  pccoadde  as  a gaseous  product*  Per 

exaiaplo,  br  cmlnation  aC  aalicylaldehyds  gives  2,U,&  troirrsrsophenol  and  carbrn 
2 

moncsrfds . Kaoy  smcplaa  are  known  is  which  a formyl  group  ha s bsen  replaced  by  a 

(2)  A.  y.  Francdjs  and  A.  J.  ItiH,  This  Jcasrpal,  1^6,  2l*9B  (1922i). 

3 

nitre  group. 

(3)  See  for  exam  pie  A.  H.  Soisvny,  J.  Chan.  Sou.^  £5,  1355  (19^)}  M.  ?•  da  Xenga, 

Bee.  tray.  cMbi«,  19  (1926) j J.  van  ibid. , 1*6,  195  (1927). 

In  these  laboratories  it  has  bean  found  that  2>l*ftS>t^inlkylbensaldehydes,  when 
heated  with  strong  acids,  give  oarboo  anneal  da  in  marly  quantitative  yield.  The 
ayraetrieal  trialkyjbenr-'jne  is  the  other  product  except  under  conditions  that  give 
eulfanaticaa  of  the  hydrocarbon.  The  overall  reaction  appaaj'od  &t»  bo  eleotrophilrto 
replacement  of  the  formyl  group  w hydrogen  (equation  1).  It  would  thus  be  an 
example 

AaKUO  ♦ K*  * ArH  ♦ CO  ♦ H*  (l) 

of  the  aromatic  elimination  reaction  and  formally  analogous  to  aromatic  decarbesyls- 


ticm*  and  do&c/i?  J.em.'5  A kinetic  study  of  the  ro&ciion  vac  undertaScsn,  since  tae 


(I;)  W.  II.  Schubert,  This  Journal,  '{1,  2639  (,19U9). 

(5)  W.  M.  Schubert  aod  H.  K»  Latcurstta,  ibid,,  182?  (1952), 

evolution  of  car  ben  noncKlda  provided  a co.it'3nient  scans  of  following  tiio  reaction. 

Eaperinental 

Ilitarlalg  - The  2,Uj6“trialkylbanaaldQliytios  were  prepared  fran  t:*s  cciTeapondin(r 

* 

1,3;  5- trialky  Iben  senes  by  tbo  method  of  Pus  on  and  owarteers0  and  fractionated  through 

(6)  R.  C,  Fuacm,  Ji.  C.  H arcing,  5.  P.  Rowland,  and  H.  L.  Word,  Qrg,  Syntheses , 23 
57  (19u3)s  Rr  C.  Fuson,  K.  C.  Horning,  IL  L.  Kard,  S,  P.  fectflEnd,  and  77  L. 
Marsh,  This  Journal,  <2*,  31  (19U2). 


a 23  in,  tested  wire  ©suae  column.  Tbs  aldehydes  bad  the  following  properties* 
Hjesitalr  ^io,  b.p.  120-122*  (15  SR.},  a2**  S 1.5503,  »-.?•  6-9°;  2,U,6-trietbylben»- 
aldehyde,  h.p„  132-333*  (9-10  rasa.),  c2*  g 1.5322*  2 , 4; o-trlik opropylber salietayde „ 
b.p.  12P-l2y,5  (5  nm.),  u2'*  D 1.5136. 

cr 

Sulfuric  acid  and  netbanesulfcnlc  acid  solution  varo  made  up  as  previously.'' 
Phosphorus  ponicedde,  G.  P.,  v^c  nixed  with  C.  P,  65$  pheephorae  acid  to  obtain  97$ 
phosphor!;  acid.  Sodium  rili’ai*,  C.  P,,  was  dried  at  HO*?  C.  P.  aaDodvas  sulfate 
and  sodium  c&totL'  ■'•gen  phosphate  uero  dried  in  a mcnani  desiccator  over  potassium 
hydraddo  pellets, 

SJjwtic  Hethod  - For  most  of  the  runs  tbs  rate  of  reaction  was  followed  oy 
dstewdnin.?  tbs  rate  of  carbon  mocuslas  evolution  the  gas  metric  method  and  in 
the  apparatus  previously  used  for  carbon  dicodde  evolution. ^ In  these  mss  0.2  to 
0.3  g.  of  aldehyde  was  dissolved  in  10  ml.  of  the  mineral  Add  solution,  to  give 
about  a 0.1  oolar  a elation . In  a few  of  the  runs  in  which  sons  of  the  evolved  gas 


■ u - 


Has  acidic  an  ascarite  bulb  was  placed  near  tbs  surface  c?  tbs  solution  in  tbs  ga& 

collecting  npporatus. 

A few  of  the  rate  constants  vers  determined  e po otrcsc opically . A solatia, 
about  3 x 10’v  tolar  in  aldehyde  was  heated  at  constant  temperature.  Sample  e were 
withdrawn  periodically,  cooled  quickly,  sad  the  ultraviolet  absorption  spjctra  de- 
termined at  rocsa  temperature  in  the  range  of  wave  lengths  frar  2$Q  to  350 

First  order  rate  const  ante  wsro  Obtained  trm  the  elope  of  the  best  straight 
lina  through  the  points  in  a plot  of  fc&ass  vs.  log  (Vrp  -V),  whore  ? is  vcCUx&a  of 
carbon  mcncodde,  or  a plot  of  time  vs*  log  £u.  -ig^,  where  D is  epical  density. 

Pcdnta  2-3  min.  after  tho  start  of  the  reaction  (tint?  for  solution  c£  saspla  and 
teagjerature  equilibria®}  and  past  95%  react  ion  vjaxa  not  consldsred.  Since  may  at 
the  runs  were  elw  and  others  caaplioated  by  very  slow  ©oddaiioa  of  the  product, 

7op  was  calculated  by  adding  1%  to  ¥ at  tbs  tise  of  99%  reaction  (t^,  * 6.67  x 
In  Fig.  1 is  shmsu  a first  order  plot  at  e typical  aa.  la  general  such  a plot 
was  slightly  concave  upwards  in  dacarbCEyl&tions  of  mesitaldobyde  and  2 ,k, 6-triothyl- 
banzaldehyde  and  convex  upwards  with  2 ^ , 6-triisopropyI  bensaldehyde . 

Products  at  Deearbca^laticn  - ti»  gsts  resgul  Ang  frsta  the  react! ok  at  neaitalde- 
hyde  with  85%  sulfuric  add  was  sham  t©  be  carbon  aanocdde  by  absorption  in  cuprous 
sulfate  fJ-naphthol  adlntlea.  In  the  kinetic  runs  reported  below  the  normal  yields 
of  gas  fr-au  the  trisstfcyl,  trtethyl,  /m&  tidi^opropylbecssOdeii;^*  ware,  respectivaly, 
99%,  97%,  end  9t&.  Hot  over  3-^  of  this  gas  was  absorbed  by  potassium  hydroxide 
until  It  was  attempted  to  run  the  rooctiai  in  sulfuric  acid  above  2GC£  acncentr&ticn. 

An  insoluble  hydrocarbon  layer  was  produced  in  the  to?  concentration#  of  arul- 
f jric  acid.  The  highest  concentration  in  which  lie  futaaiion  could  be  observed 
was  85%,  90%  and  93$  Sa^Qa  for  the  trinethyl,  triothyl  and  trliacprs^yl  aldabydes, 
respectively.  In  larger -seals  runs,  ebont  5 g.  of  aldehyde  was  massed  vitfc-  $0  ml. 
of  acid | the  resulting  lydbrocarbcc  layer  was  separated,  washed  and  distilled. 


Ifeaitaldahydc  gave  an  Q9%  yield  at  nesitylara*  b.p.  162-1&J0,  n'^  D 1.U970,  dinitro- 
derivative 5 a.p.  85-C6.5#s  2 , U , 6- triethg^Usensaldal^^  gave  an  &1$  yield  c£  1,3,5-tri- 
atl^lbanssore,  b.p.  210-215° , n2^  D 1.4938,  tarisitrodoslvati*^,  a.p.  111-1X2 • j 2+U.6** 
trlis opr c^rlbemialdGbyde  gave  a 70£  yield  of  li3,5~trilac^q^lbsaK!ne,  h,  p.  230-235® 
D 1.UG60,  nJtxadaa'imtivo , cup.  73-73*5*. 

lit  the  more  concentrated  solutions  of  sULfurto  acid,  no  tydreoarbcn  separated 
fraa  the  reaction  r&xturej  prosumbly,  t^UIlylbenamig  sulfonic  adds  wore  produced. 
Ccceidcrabl-j  charring  took  place  when  tbs  decarboxylation  sms  sics?  relative  to  cxida- 
ticc  of  products,  as  in  96  to  1Qj$  sulfuric  acid  sad  in  r^ihunesulfcnic  acid. 

The  Sulfocatlcri  c£  tfesitaldshyee  - I&sitaXdeSsjds  0-9  g.)  i»  10  nl , of  1S2„9£ 
sulfuric  acid  was  shaken  far  thros  hours  at  (&*  * Ssrriag  this  period  only  50  s&L., 

16/6  yield,  of  o&rbac  ncncaeLde  was  collected . Tm  solution  then  was  added  with 
rapid  stirring  to  150  g.  of  ice  water,  filtered  through  a cintersd  glass  fumstl,  and 
the  filtrate  neutralised  with  solid  se&U»  curb<»w$ft.  ifver  several  hours,  the 
precipitate  was  collected  by  suction  filtration,  dsy  wight  2.15  j.  Hie  naterial 
was  roer/a  laXiiael  from  water  and  driud  in  u tocuss  c'iocicsntor  over  phoophortas 
pacteocide.  Tbo  yield  of  white  powder,  jar’osuasMy  soditxa  2 , U , 6-triiae  thyl-3 -f crqyl- 
banzomaxuXooate,  vua  0.80  g. 

Anal.  Ceded,  far  CaoBuQagEa*  G,  ltf.99j  B,  «a,  9,29.  Found*  G,  1+7.75*5 

H.  i|.li5|  So.  9*20  (Slioroanalysea  by  H.  S.  taylcr). 

Tha  pgft  of  Ibsitaldehyao  - ihe  p£*  of  oesitaldehyda  was  deteraLned  eptctreCUy  is 
tho  ultra-vi olat  at  roca  teeporaturo  by  the  nsthed  of  K&msit,  F laswer,  am  I*in®Ba.u. 


(7)  1.  P.  Bssasit,  L.  4*  Haxser,  and  &•  SingreH,  ibid..  57,  2103  (1935)* 


lias  ffpeutrun  in  the  range  230  to  350  sp.  in  various  ooeoeniraiicns  of  sulfuric  add 
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ms  ooasurQd  (sea  Fig.  2).  TVc  methods  were  used  to  oalculato  the  pK^.  The  first 
of  thoco  involved  least  squares  eolutifs  of  equatten  (2)  in  two  unknowns , &&  and 
£?5j©.  Ecsjftticn  (2)  wag  solved  at  a particular  wave  length  in  several  strengths  of 
acid  for  wiach  values  of  ig  and  h0  were  knam.  Tbs  wave  lengths  chosen  uero  in  the 
region  in  which  the  curve  (the  rafareaoo  curve  in  1*6. 2^  eulfiaric  acid)  was  rela- 
tively flat,  and  iienos  the  rjediun  affect  ctf  & lateral  shift  in  spectrum  small. ^ 

The  pertinent  spectral  data  and  the  calculated  values  of  pCg  are  given  in  $afc?,e  I. 
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Values  ct£  nxtiiicticn  ccsilicioat  (<•  x 10~J)  for 
Ih&italdalijKla  in  HaSQ*  - water  mixtures  at  rocn  tamp 


<M  ^ V» 


7 

Tito  isctostic  point  cathal’  also  used  to  datenaine  j£a.  Sis  curves  of 
Fig0  2 vers  arbiti*arily  shifted  to  intersect  at  2J0  jap.  Equation  (3)  <&s  thsa 
solved  at  several  wave  lengths  for  each  concentration  of  sulfuric  aciu*  Sis  calcula 


tiona  srs 
P&a 


surraariasd  in  Table  U. 

He  - log  - lie  ~ log 


€ • € Kx+ 

Tjrr- 


(3) 


Table  II 


-w  

WSULUUO  iW  JOOAt 


squares  Method  ccf  nexeer,  Kanscett  and  JHncwall 

* H^504  * A 


m. 
# ‘ 

£q. 

51.2 

55.9 

60.U 

65.6 

70.2 

1 75.1 

*1 

Ave. 

Dev. 

340 

2 

1.26 

4.17 

U.22 

4.34 

4.65 

*4.17 

U.30 

.13 

130 

2 

U.59 

4-65 

U.78 

4.99 

5.22 

U.6U 

4-81 

.20 

320 

2 

U-78 

4.78 

U.83 

U.95 

5.1U 

\.79 

U.88 

.11 

310 

2 

U.53 

U.53 

U.57 

4.64 

U.75 

4.62 

i*.6i 

.06 

300 

2 

1-.18 

4.17 

4.16 

3.90 

3.8U 

4.16 

U.07 

.13 

280 

3 

5.13 

5*22 

5*0? 

5.06 

5.17 

5.3U 

5.17 

*08 

270 

2 

U.U8 

U.49 

U.56 

4.65 

U.72 

4*53 

U-57 

.06 

260 

3 

L.81 

4.55 

4.54 

U-63 

U.90 

5.11 

U.7U 

.1? 

> 

i.  i.i. 

4»«4H 

!.  tfc' 
*♦*«*'✓ 

t,  J.c 

H«sy 

4.47 

4.19 

3.75 

U.32 

.23 

Average 

U.61 

.26 
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Table  HZ 


-p2L  Value o fee-  KeEitaldshjde  Ccnputed 
by  tfca  IsoOestic  Point  Method 


% HjoSQ* 


mp 

51.2 

55.9 

60.lt 

65.6 

70.2 

75.1 

Ave. 

Dev. 

320 

U.U6 

U-U9 

lt.56 

It. 61 

It. 81 

It.  59 

.10 

310 

U.6o 

U.63 

It.  72 

It* 67 

5.16 

5.35 

It.  89 

.25 

300 

h.$7 

U.58 

It.  67 

U.85 

5.17 

5.38 

lt.67 

.27 

290 

isdbostie  point 

260 

U.73 

U.73 

It. 77 

lt.81t 

lt.92 

5.13 

It.  65 

.11 

2?0 

It. 88 

it.au 

It. 68 

5.0C 

5.23 

lt.57 

.10 

260 

It. 93 

It. 95 

5.09 

5.33 

5.C6 

.16 

Ate. 

U.59 

it. 66 

it. 75 

It. 63 

5.03 

5.28 

U.88 

.11 

Atorage  of  til  vtluoat  It.  87  1 .20 
•-sitting  7$%  B«S0*r  U.79 

Tbs  upward  drift  of  -pt^  with  incraaoini:  £ HaSQ*  can  ba  re  la  tad  to  the 
aediun  offect  on  <gg.  If  the  reference  curve  for  spectrin  of  B2  ware  dis- 


placed to  correct  for  tide,  it  would  tend  to  d3gd.nl oh  the  mount  of  drift, 

at  loA3t  oe tween  300-320  tnu 
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The  Apprcsda&tc  Basicities  cf  2Jls^fHathg?tanaa3dghyde  and  2,4,6-irlisonro- 
pylbanz&Ic'.e^.-tio  - Tbs  valuas  for  these  two  aldehydes  was  nut  accurately  dstar- 
wined,  bit  their  spoctrse^  at  roota  tocnoraturo  is  a fow  concentrations  cf  sulfuric 
acid  was  detomined  (Figs.  3 and  4},  It  can  be  seer,  by  an  inspection  cf  the  sA>ectra 
that  2,4?6~trieUiyIba?igaldeh^dg  and  2,JSis6-triis<fxr^ylb©su5&ltloUyu6  are  the 

seas  base  strength  as  aealtaldobyde  (see  Fig.  2}  ant  that  they  ore  apparently  com- 
pletely ionised  to  BH+  in  00  5 sulfuric  ©old. 


Kinetic  Results 

Ite  carbonyiati  an  of  Ibsitaldeliyia  - Host  of  the  kino  tie  runs  ware  rads  cm  resit- 
aldehyde,  Tha  effect  of  different-  acids,  added  salts,  temperature,  and  oeccantraticn 
cf  aldehyde  were  studied.  3B»  results  ©re  susmarlaed  in  'fable  JT. 


Table  IV 


B. 


Decor huaylatica  of  Kesitaidubyda 


effect  of  iido'ayic  Ccccentration  in  Bit.?*  Hg^O*  at  100.0® 

Cone,  of  aldehyde,  aolee/litcr  10^  k (sec.  ) 


0.06 

0.13 

0.25 


1.1*0 

1.37,  1.36 
1.27 


Effect  of  Temperature  in  8h-9%  Bg3Q« 
Tamp.,  *C 


10^  k (30c. ““) 


80.0 

?0.0 

100.0 


0.11:7 

0.1^6,  0.1, f67 

1.37,  1.3& 


Xuble  I? 

C.  Effect  of  Concentration  of  H*SG*  At  100.0* 


$ HjaSq^ 

102  k (sec."1} 

Held  of  gas*  .£ 

7C.0 

047,  047 

99,  9S 

72.7 

0.705,  0.702 

100 

7S.0 

0.917,  0.938 

100.  99 

77.7 

1-12,  1,0? 

ICO,  100 

80.1 

1.23,  1.27 

100,  98 

82 .9 

1.36,  1.30 

100,  lCB. 

36.9 

1.37,  1.38 

98,  100 

87.6 

143*  145 

99j  99 

90.1 

1.56*  1.57 

96,  98 

93.6 

96.0 

1.56,  1.57 
143,  148 
i.cbl» 

97,  ?7 
97,  97* 

98.3 

97 

100.1 

0.66,  0.& 

96,  9CF 

100.fi 

0.8  or  less0 

63 

1C0.8 

WM 

37, 25» 

102.6 

■mmm 

13 

102,9 

> 

21 

Effect  of  Idded  Salts  in  X0C&  B aSQ*  at  100* 

Salt  BeCUr  Concentratis*  10^  k <sa3.“1} 

Held  of  gss,  5 

(324^0, 

0.28 

a or 
v,S*f 

95 

OflUlaSO* 

0.86 

1.16 

96 

OfiOaSG* 

14 

140 

— 

(Ha**aS04 

2.8 

140 

97 

(ffiU)aSQ* 

6.15 

0.88 

95 

Ha^G» 

1.61 

1.62 

97 

ia SsPO* 

l.Ui 

1,37 

— 

- Shis  ecEjpoenrii  reacted  aero  rapidly  than  mesitel- 


dohyda  as  shoun  In  Tfcble  ?.  3as  evdotlCB  due?  to  cadudatien  of  tri^thvlbensen*  had 
to  be  taken  into  aoeCant  at  ceoeontraticae  of  salfurio  acid  above  905. 
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Tab  in  V 

Da  car  bony lat.1  oc  of  214,6-frietb3lb9DiiaiAiel9ide 
1.  Effact  of  Tcnpcraturn  In  64. 9^  Ha3Q4 


Teep.,  *C 

103k(iea‘1) 

60.0 

.6QL,  .614 

90.0 

1.77,  1.76 

100.0 

4.71,  4.73 

3 

3 

1 

* 

i 

Concentration  At  100*C 

% H«SQ* 

lO^kCaocT1} 

Held  of  gae 

77.5 

2.87,  2.89 

60.1 

3.90,  3.79 

97 

82.5 

4.53,  4-36 

84.9 

4.71,  4.73 

97 

87.5 

4.72,  4.73 

90.1 

4.5,  4.6* 

96 

93.0 

3.4* 

96.0 

2.7* 

ICQ.  (99)b 

100.1 

1.1* 

99  (96)b 

a Estisatad  after  r arresting  fear  oxidation  of  triethylbenrece. 
b With  ad  as  carl  to  trap. 

PooarbCBglBtlon  of  2.4»6-lfrllaaprorelb«<mldebyto  - This  aldehyde  vu  the  most 
reactive,  ard  taoet  runa  veru  made  at  60*.  The  rotulta  are  sunmariftod  in  Table  71. 
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Table  VI 

Decarbcnylaticn  cvf  2 , i* , 6-  -Triis 
A.  Effect  of  concentration  ctf  R^Q*  at  60.09 


% HaOO* 

lCr^seo."1) 

Held  of  gas,  % 

Cl*.9 

2.6,  2.6,  1.7* 

9h 

67.5 

2.?,  2.6 

90.1 

2.5 

91* 

93.0 

1.8b 

65 

96.0 

i.d3 

66,  69® 

100.1 

0.5 

91*,  90° 

100.1 

i.iad 

— 

100.8 

0.3b 

96,  6lc 

a $.5  ol.  of  l53>5-tJ'31scprcipylbanEen3  added. 

^ Gorrsctod  for  yiald  of  00  arid  ajdxlation  of  product. 
c iscarit;  tube  abcve  reaction  surface. 

^ added  to  a concentration  of  1.1*  radar. 

Deoarbotgrlatign  and  Desulfonatlcin  of  tositiQ4eh^o-3^ulfcnic  Acid  - The  rcac- 
tion  of  r»sit«ld9h3?de-3-3tJlfacio  acid  with  sulfuric  acid,  etudiod  spectroscopically 
(oo3  oxporiikmaal.)  cave  the  following  results; 

In  100.0%  sulfuric  acid,  ^ncuc  ’ ^10,  ^observed  at  100°  - 0.06  x 10~3  sec.*"1. 
For  aesitaldahyde,  by  tha  sane  UBthod,  • 0,61*  x 10"3. 

In  90.3%  sulfuric  acid,  “ 306.  The  reaction  at  100*C.  chews  an  induction 

period,  and  it.  sloucr  throughout  than  that  of  sesitalUebyde  itself.  This  result  was 
cenflnaed  in  a gar  metric  run  — after  30%  of  the  total  gas  had  coaa  off,  the  first 

order  rate  law  was  obeyed  with  ^observed  " 0,73  x 10~3» 

In  70.2%  sulfuric  acid,  at  ?0*C.,  the  spectral  changes  shown  in  Fig.  5 war; 
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noted.  Originally,  4 « 2? 5 mu,  but  as  the  reaction  progresses  a new  absorption 

peak  at  310  nu  supplants  it. 

Theso  conclusions  may  reasonably  be  drawn:  (1)  Ifesitaldehyde  3-sulf  cnie  acid 

decarbanylatos  one -eighth  as  fast  as  mo  sitaldehyde , (2)  Masitaloebyde  3-suIfonic 
acid  desulfonates  in  sulfuric  acid  of  9Q£  strength  and  belcw,  forming  masitalciahydfl 
which  then  docarbcmylato3 , and  (3)  Kesitaldehyde  3-sulf onio  acid  is  a ranch  weaker 
base  than  mesitaldehyde. 

Decarb acylation  of  Fcrstic  Acid  - To  determine  if  formic  acid  is  a possible 
intermediate  in  tbs  docarbcnylaticm  of  the  trialkyltenmldehydea,  its  de carboqylatiao 
under  the  sane  conditions  was  studied.  The  following  rate  constants  ware  obtained 
at  100*:  la  ?0.CS  H^G*,  k » 0.3h  x 10*3  j in  75. 0%  11*304,  k - 1.5  x ICT^.  Apparently, 
formic  acid  cannot  have  been  an  intermediate. 


Discussion 

grt 

Mechanism  of  Dscarbocylation  - In  Fig.  6 id  plotted  the  changes  with  percent 
sulfuric  acid  of  ths  first  erder  rate  constants  for  the  decarboxylation  of  osaital- 
dohyue,  2,U,6-tJfiotIiyibeiu^ldohyde  and  2,a,o-trie<»feyibonzald8hyde.  A maximum  in 
rate  is  observed  for  each  aldehyde  although  the  shapes  of  tire  curves  differ  from  one 
aldehyde  to  the  next.  Of  the  three  alderiydss,  raositoldehyda  could  be  studied  over 
a.  wider  range  of  Bulfuric  acid  concentration  because  of  its  greater  solubility. 

fear  it,  the  data  up  to  the  point  at  which  the  rate  begins  to  drop  off  appreciably 

§ft 

4s  consistent*  with  the  rate  cast-rolling  stop  being  a unisclecnlar  rsnrr^ngeaosi  of 
the  conjugate  acid  (mechanism  IX) • 

+ 

1.  fast  equilibrium j ArCHQ  ♦ H*  (from  medium)  ArCHCH 

CB)  <an 

* . 

n.  slows  ArCHCH  Ar  L * CO  ♦ H* 

(BBT*’) 


I-iecbanisa  II  was  proposed  for  the  acid-catalysed  doacylution  of  orasutlc 
ketcnos^  and  iuvd  boon  tactoJ  by  the  constancy  of  tho  sue  of  equation  (5)  derived 
fran  tlic  Bruns ited  rate  equation  (2). 


V • & 

itr+ 


(2) 


V « 1 - u [M+]  £a+ 

- iwim  -ki$FTm  %-> 


also 


k 3 kg  K 


-SLrr  + f=—  » wil0j^  K m ”M+ 


ilenco 


PF1SB7  “H  C7 


(3) 

(U) 


* tl  + aB 

lee  k + Uo  - log  - const, , sawning  ^GH+/ftr<-  £ c 


8 


coast.-  (5) 


(8)  Tliis  sort  of  assumption  was  first  nude  by  ikrxatt,  c.f.  L.  P.  Eanaatt,  “fiiyaical 
Organic  Chemistry,"  McOraw^IbLll  Book  Co.,  Inc.  Kew  York,  II.  Y.,  191*0,  Chapter 
U. 


Or,  assail  &H7£tr*  - 

- const,  x ku  - * 

\6) 

And 

log  ka  » log  k ♦ Ids 

(7) 

Equations  (6)  or  (7)  ora  more  convenient  to  uco  wJien  [&fj  is  largo  rela- 
tivo  to[B  ] . This  is  tho  case  with  raositalxteliydo  which  is  largely  in  tho  fom 
of  ite  contugato  acid  in  8C£  sulfuric  acid.  In  Table  VII  are  tabulated  the*  quan- 
tities kz  and  log  k*  for  the  decarbccylatiosa,  values  of  the  ratio  C/B  ♦ BlO  )/[%£*] 
baling  obtained  from  the  measured  pK^  (pK^  - -U.7)  and  equation  (3)  • For  ccqpara- 
tivj  purposes,  values  of  k&  and  log  ka  for  tin  deacyl&ticn  of  2,6,-dinothjrlaeoto- 
phenene**  aro  included. 
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Table  711 

Values  of  ka  aifi  log  far  the  Dcw>arbcnylat.icc  of  IkaltolJshyte  and  U*i 
Deacylctior  of  2,6-DinuthylAC3tapbonc«M. 


Decarbcn7lati.cn 

Deacylatian 

JteaSW 

ttSflumTt  forts 

w i/l  BH*/as 

• B*  ' V-> 

a-  rni+J 

icV. 

✓ 

70.0 

.08 

o.5U 

"*3.27 

— 

— 

72.7 

.93 

0.75 

-3.12 

.01 

0.31 

-3.5l 

75.0 

.97 

0.96 

-3.C2 

.02 

0.12 

-3.38 

77.7 

.98 

1.12 

-2.95 

.05 

0.51 

-3.29 

80.1 

.99 

1.26 

-2.90 

.c* 

0.55 

-3.26 

02.9 

1.00 

1.32 

-2.88 

.19 

0.56 

-3.25 

81.9 

fl 

1.36 

-2.87 

.10 

O.50 

-3.21 

87.6 

ft 

1.11 

-2.81* 

.57 

0.66 

-3.1C 

90.1 

n 

1.18 

-2.03 

.70 

0.72 

-3.11 

93.6 

*1 

1.5 1 

-2.81 

.83 

0.71 

-3.13 

96.0 

n 

1.12 

-2.85 

.92 

0.76 

-3.12 

96.3 

n 

1.02 

-2.99 

— 

— 

— 

100.1 

n 

0.5C 

-3 .21 



It  can  bo  seen  that  k-2  for  tho  daoarbcnylaticn  oT  oosltaidehydo  io  reasonably 
constant  i-v  tho  region  76  to  9&  sulfuric  acid.  P^irthomcro,  ka  and  log  k £ aro 
ms  constant  Tar  the  docarbcnylaticn  aj  fcr  t4»  doacylaticn.  Indeed,  log  ka  In 
a constant  as  la  tho  c care  spending  logaritlssic  sun  of  oquRticc  (8)  far  mny  other 
reactions  for  which  a vniaclscttlar  taeohanisn  such  as  XX  has  bean  assuoed  to 
prevail.  *y  Equation  (8)  is  equivalent,  of  coarse,  to  tho  nano  jsneml  eqmtioo 


9)  L.  P.  Harnett  and  a.  L.  Dayrup,  This  Journal,  $U,  2738  (1932)  . 
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(7)  in  rogicna  of  negllgiblo  3T  ccnoantraticr. 

low  k ♦ Ka  “ Ccnst.  (8) 

Although  tte  uniacl ocular  do c banian  II  fits  woll  fear  clccnrbonyluticr.  of 
nesitaldehyde  in  up  to  96$  sulfuric  acid,  it  does  not  account  for  tho  daclino  ip 
rate.  beyond  t!ux.  point.  The  do  via  tier,  fra?,  constancy  of  ka  in  tho  hijlior  percen- 
tage of  sulfuric  acid  cannot  bo  Dado  attributable  to  an  orrar  in  pi^  oa  could  tho 
deviation  in  70S  acid.  Near  can  the  docllns  in  rate  bo  attributed  to  prior  feraa- 
ticn  of  ooaitaldehjTiosulfcfiic  acid  followed  by  its  alow  dccarbcnylaticn  (aoe 
Kinetic  lie suits) . Instead,  it  Is  suggested  that  the  decline  in  rate,  visiefc  occurs 
lu  lower  percentages  of  acid  and  is  ocro  narfcod  with  2 ,U, 6- triothylb on aaldci^cie 
and  2,i<,6-triisopropylb3naaldehydo,  is  dua  to  changes  in  tho  concentration  of  one 
or  more  solvent  spec  lor,  v'.dch  participate  in  tho  mte -control  ling  step.  This 
step  thus  lay  bo  binolecular  such  as  HI,  or  toxmolacuLar  such  as  XV.  Cj  rep re- 
sents any  base  (o.g.  II  _0,  ICO*,  HaSQ*)  and  Aj  any  acid  (o.g.  HaO*,  h^0«, 
effective  in  the  reaction. 

IH.  BH*  ♦ Ct  ArH  ♦ CO  ♦ CjH* 
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tho  Ifxior  porcantagos  (noglecting  activity  coefficient  toms).  Moehatdam  HI  can 


MWVVUMV 


olT  SmITUtIv 


»NMA 


vidod  k»i_cn . is  snail  bocair;a  of  the  weakness  of  HaSO*  as  a baso,  since  /Ha 0?  and 
/iSCU,-/  aro  both  declining.  The  diffaroneea  in  the  chape  of  tbs  curvoo  of  Fig.  6 
far  2 ,k} 6-trietuylbenzaldehydo , 2,1;, 6-triia cprcpylbonsaldahydo  and  D»3italdehydo 


can  also  be  accounted  far  sires  tho  ralntiva  values  of  K*rn.  k«cn  **.  and  kit  c.rt 

■ngv-  ■in^n  - 

would  not  bo  expected  to  be  the  sane  for  the  throe  aldehydes.  In  tlie  lower  per- 
centages of  sulfuric  acid,  f0± ] would  bo  ccristant  provided  kjjso**  Is  greater 
than  k»2Q  (neglecting  tho  tom  involving  since  /llaOj  is  probably  increasing 

mare  rapidly  than  [hSG+~]  la  decreasing  in  lowering  percentages  of  sulfuric  acid 
below  neno-hydrato  strength  (8k.  5%)* 

For  tho  " t^moraKralar’1  toch/misa  IV  to  prevail,  tbo  quantity  4 k-tj  /%/Aj  J 
must  bo  rolativoly  constant  in  ..ewer  acid  concentrations  and  declining  in  the  region 
between  85?  and  100J&  acid.  The  number  of  tarns  in  tho  simaticn  is  reduced  if 
attention  is  confined  i o regions  in  which  the  solvent  ionisation  occurs  principally 
according  to  equation  V,  with  little?  71  (i.a.  below  ca.  99.1%  sulfuric  acid).  The 
aanbor  of  torse  can  bo  reduced  still  further  for  regions  in  which  tome  invelvirig 
IlijSdi  functioning  as  a baso  aro  small.  Equation  (11)  then  reduces  tc  (12),  if 
tho  activity  coefficient  birms  are  no glee tod; 

rate  - £afj fafiJUwtJ  + fa^HaSa,  MW*  fasa4-.a3o/iso*'Ji.o*/ 
♦ 1SB0..H (12) 


It  i?  not  unlikely  th?t  the  quantity  In  brackets  in  e-u^tlon  (12) 
decrease?  with  increasing  sulfuric  acid  strength  beyond  84. f>  % (mono- 
hydrate)  since  the  separate  terms  would  appear  to  be  changing  as  follows: 
the  first  term  decreasing,  the  second  and  third  terms  changing  in  the  ease 
direction  (since  [Ha03  [HaSCU]  * L [H90+]  [HS04“3)  and  decreasing;  and  the 
fourtl  term  decreasing  some.  A proper  balance  of  rate  constants  and 
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ccncentrstlon  terms  could  account  for  the  relative  constancy  of  up 
to  the  concentration  of  acid  in  which  the  rate  begins  to  decline.  In  this 
region,  the  separate  terms  in  brackets  appear  to  be  ohanging  as  follows 
with  5icre°Ging  acid  strength:  the  first  term  decreasing,  since  [Kal]  is 

decreasing  more  rapidly  than  fHsO+]  is  increasing;  the  second  and  thi'.i 
terms  increasing  proportionately  (with  the  second  term  probably  snail); 
the  fourth,  probably  small  though  increasing. 

Sot  only  is  the  appearance  of  a maximum  to  the  rate  indicative  of  the  parti- 
cipation of  solvent  species  in  tho  ra to -ccai trolling  step.  The  effect  of  added 
salts  (Table  IV)  also  supports  the  view  that  a bass  participate!;  as  per  a mech- 
anism such  as  HI  or  IV.  The  addition  of  M sulfate  ion  in  the  foam  of  anicniuE 
or  aodiun  sulfate  to  100^  sulfuric  acid  enhances  the  rate,  indicating  that  bisul- 
fate ion  participates  in  tho  reaction.  In  fact  those  salts  have  a greater  effect 
Up  to  2 doles  of  added  sulfate  per  liter  than  tho  equivalent  amount  of  uatex  in 
enhancing  the  rate.  Hiis  may  indicate  incanplote  ionization  of  tlio  water10  to 


(10)  It.  J.  Gillespie,  J.  Chsm.  Soc.,  2l$3  (1950)  concluded  free  cryoocopic 

ncasuroaunts  that  toe  ionizatior.  of  water  lacks  G%>  of  being'  ccnnlotc  in  100% 
sulfuric  acid. 

H30+  and  ICO*”  and  that  bisulfato  ion  is  a maro  effective  base  tier.  wator  in  the 
reaction. 

The  decroasod  effectiveness  of  ammonium  sulfate  in  four  molar  concentration 
(Pig.  7)  la  worth  noting.  This  cannot  bo  attributed  to  any  appreciable  decrease 
in  AtCHCU*  concentration  for  the  addition  of  the  ammonium  sulfate  caused  no  appre- 
ciable change  in  the  ultra-violet  spectrum  of  the  solution  (coo  liable  X).  It 
cay  assn  that  the  addition  of  tint  much  salt  has  lowered  the  concentration  cf 
effective  acid  species  for  a reaction  such  as  IV. 
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Feasible  latent  of  Bi-  or  I’ertnclaeular  rfechanl&as  ixi  ^clfl-Catalyaia  - Oilier 
acid-eu laly*ed  reactions  heretofore  considered  to  proceed  by  urdEcleculur  reac- 
tion^* ^ of  the  conjugate  acid,  IS4-,  nay  in  actuality  proceed  by  uoclmniam  such 
as  IH  car  17.  The  participation  of  polymolecular  mechanisms  my  net  have  bean 
detected  because  of  a balance  in  rate  coc3tantE  and  concentrations  of  solvent 
species . KnaL  Of  the  reactions  described  have  boon  studied  ovor  a narrow  range 
a£  acid  strength,  furthermore,  the  effect  on  the  rato-ocn trolling  step  cf  changing 
the  sediUB  may  have  been  obscured  in  those  cases  by  the  large  percentage  change 
in  [BBT]  which  occurs  whan  [SI* ) la  spill  relative  to  [Bj»  Bins  by  uay  of  con- 
trast with  nesitaldebyde  ciocarbcoylatiOT,  tlio  addition  of  bases  (water,  sulfates, 
etc.)  to  10Q&  sulfuric  acid  2*0  tax  da  acid  catalysed  dec  opposition  of  rnlic  acidj^>^ 


(11)  E.  L.  ./hitford.  This  Journal,  Ig,  953  (1925). 


bore  the  added  bases  inhibit  Icnisaticn.  to  BH  , covering  up  the  catalytic  effect 
of  basic  spccios. 

A detailed  examination  of  the  effect  of  citanging  medium  an  acid-catalysed 
reactions  In  which  ionization  of  the  organic  material  to  iJH*  is  ccirp lots  and  ob- 
servable over  & wide  range  of  acid  ccccontraticn  in  being  undertaken. 


retire  Hates 


jh  - The  craparative  rates  of  decerbcnylA- 


ticn  in  8 li.9£  sulfuric  acid  at  80*  of  sooitaldohyde,  2,li,6-tariathylbaazal.dQhyde, 

* 

and  2,U,<6-triiecpropylbonzaldehydo  are  ls4.1:17.7.  In  8U . 9%  culfuric  acid  each 
of  the  aldehydes  is  practically  completely  in  the  i'ora  of  the  conjugate  acid 
(Pigs.  2,  3 and  U).  Furthermore  the  rate  of  de curb anylati eti  in  Ci*.9#  sulfuric 
ecid  is  at  or  near  tbs  raximum  for  each  aldehyde.  Therefore,  they  ore  being 
compared  at  as  near  canparable  conditions  as  possible . The  activation  energy  in 
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&i-V%  sulfa ric  acid  is  29-1,  26.9  ard  23.8  fear  n*?clta3.dehyd3,  2JU,6-triot.liylbenS“ 
aldehyde  and  2,  u , vV-iriia^uOrjylbon^ld.cIx^-C  (Fig.  8).  Tho  values  c i the  A factor* 


in  Oil .9%  sulfuric  acid  for  iso  sitaldo hyrio , 2 . it , 6-triothyl «$n3aldehyde , and  2_.ii.6- 
triis q^opylbcnzaldohyue  aro  1.5  x l^4,  2.9  x 10^,  end  1.5  x 10^j  the  entropies 
of  activation  aro  3.9,  0.7  and *5.1  e.u.  respectively.1^ 


(12)  £3*  at  80°  uas  (calculated  using  the  equation,  k»  ■ s kT  a - “‘^axP*/lit9  AS^/R 

E“ 

Of.  S.  Gladstone,  K.  J.  Laid  lor,  and  H.  Barring  "The  Theory  c£  Koto  Processes," 
IicOrow-Hill  Book  Co.,  Inc.,  flew  York,  lpliU,  p.  1 99. 


Tiie  rate  and  activation  energy  differences  appoar  lar,T3  enough  to  warrant 
conclusions  ao  to  the  effect  of  tho  alkyl  substituents  on  the  reaction.  The 
alkyl  substituents  no  doubt  exert  on  electron  release  effect  to  enhance  the  elec- 
trophilic displacement  of  tho  fcrqyl  group  by  a preten.  liiis  electron  release 
effect  in  tlxj  transition  state,  presumably  at  least  partly  hyporcGcjagaiive,  should 
bo  in  the  order  isopropyl  iC  ethyl  methyl  which  is,  however,  opposite  to  the 
effect  of  the 30  groups  on  the  dcoorbcoylation  rate.  The  operation  of  etoric  fac- 
tors, such  as  suggested  fer  the  decarboxylation  «?  nsoitoic  acid,^  is  indicated. 

Firstly,  tharo  any  be  a steric  inhibition  of  resonance  offuct.  Dipole 
nonent  studios  by  Kadesciiand  Waller1^  indicate  tliat  resonance  intoraeticr,  of  the 


(13)  R.  G.  Katie sch  and  S.  W.  ^toller,  This  Journal,  63,  1310  (19ljJ*). 


carbonyl  group  of  aecitaldehyda  with  the  ring  is  inliibitod  but  little,  if  at  all. 
Ho/ever,  more  resonance  inhibition  may  prevail  in  the  conjugate  acid  and  should  be 
increased  a3  tho  bulk  of  tho  ortho  substituent  is  increased.  Thus,  the  larger 
the  ortho  alkyl  group,  tho  smaller  the  contribution  of  structures  suoii  as  I to  the 
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state  of  the  starting  conjugate  acid.  The  conjugate  acid  will  t'uon  have  a 
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which  12  is  a storicaloy  unihhibited  contributing  structure.  Another  steric 
function  of  tie  ortho  substituents  cay  bo  to  help  force  tho  reacting  ncloculc  into 
a favored  ccnfiguratier.  far  reaction  (i.e.  tbs  ncn-cor>lanar  configuration  ouch  as 
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The  Change  in  absorption  ^.ectrom  with  lime  of  M esitaMahyxle- 3-sulfontc  <«dd  in 
70.2  % at  70.0°. 
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Rato  Gotestants  for  Goer. Korylot ion  of  Ifesital^ah^Se  ^nd  2,1;, 6-TrietRyl- 


at  103*  at*J  of  2;I}.,^Tt*ii^opr%^yIber.>iaie;>j-rio  at  CO*. 
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The  Effect  of  Added  Salts  on  the  Rate  Dcccrbon 'L-tion  jf  Uctit^lieicrtia  in 


Uoles^ of  added  sulfate  per  liter  of  solution  (et  roos.  tcrrp.) 


Fig.  8 Activation  Energy  Plots 


